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© Choline esters of glycerophosphorlc acids. 



© Esters and diesters of choline with glycerophosphoric acids, having general formula: 
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Wherein R, R 1 are H or acetyl, n = 1 or 0, useful for the therapy of dislipktemia and hyperlipoproteinemia. 
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CHOLINE ESTERS OF GLYCEROPHOSPHORIC ACIDS 



This invention relates to mono-esters and di-esters of choline with gtycerophosphoric acids, optionally 
acetyiated, to the processes for their preparation and to the therapeutic use of the same. 

The compounds of the present Invention are shown, in the case of the mono-esters, by the following 
general formula 
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whereas, in the case of the di-esters, by the general formula: 
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30 




wherein R and R 1 are H or acetyl, n is 1 or zero, with the proviso that when n = 0 at least one of R and R 1 
is acetyl. 

35 The compounds according to the invention beside the form of "inner salt" as represented in formulas I 
and II above, can be obtained obviously also in form of salts having an external anion X~ that is: 

^ POC H 2 C H 2 N H 3 J 3 . X 
0 H 



45 The compounds of formula I can be present in optically active form D or L or in racemic form. 

The L or D derivatives are obtained starting from L-o-g ly cerophosphoric acid or Oa-glycerophosprtoric 
acid which are obtained by procedure described by Bear, Fischer * J. Biol. Chem. 128, 491 (1939), 135. 
321. (1940). 

The invention also comprises pharmaceutical ly acceptable salts of the above defined choline esters of 
so . glycerophosphoric adds, in particular salts of Na, K, Ca, Mg, or of amines, aminoacids, aminoalcohols when 
the compound comprises diphosphate acid groups and consequently are present acid not combined 
groups. If not available free acid phosphoric groups, salts can be formed through the combination of the 
quaternary nitrogen with acids such as, for instance, hydrochloric phosphoric, solphoric acid. 

The compounds of both formulas (I) and (II) and their pharmaceutical^ acceptable salts show 
interesting activity in the therapy of hypertipoproteinemic and dislipidemia, and are useful in the therapy of 
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cerebral arteriosclerosis. 

The effect of these compounds in terms of modifying the lipoprotein state and the plasma cholesterol 
and triglyceride levels, altered by oral administration of olive oil, was studied in normally fed rats treated 
orally with 15 ml/kg of ofive oil one hour before oral administration of the compound at various concentra- 
5 tion. 

The greatest effect, appearing two hours after the olive oil treatment and expressed as an Increase in 
triglycerides and cholesterol, with reduction in the cr-iipoproteins and increase in the £ and pre-0 fractions, 
was well antagonised by the compounds which proved able to return the parameters to normality, with 
ample attainment of the limits of statistical significance. 
to The antiinflammatory property of the compounds according to the invention are proved by the following 
test 

When administered orally at a dose of 100 mg/kg, the compounds are able to significantly reduce the 
experimental edema effect induced in male sprague-dawley rats of average weight 300 g, by intraperitoneal 
. administration of triethyltin (10 mg/kg). 
75 The acute toxicity of the compounds according to the invention was studied on the mouse by the Weill 
method (Weill C.S. Biomed. J. 8 249 (1952)). The LD50 exceeds 1.500 mg/kg for all the compounds 
indicating that these compounds are well tolerated. For the compound of formula (I) wherein n = 1 and R, R 1 
equal to H, the LO50 is higher than 2000 mgflcg. 

The preparation of the compounds of the invention can occur through several processes in particular 
20 starting from a- glycerophosphate 
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or from 1 .2-isopropylicten-glycerol 
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45 The glycero-diphosphorte acid derivatives can be prepared by reacting glycerophosphoric acid (111) or 
its acetylated derivatives, with choline phosphoromorpholidate: 



so 




55 in presence of tetramethylammonium hydroxide in pyridine as a solvent The compound (V) can be 
prepared by reacting phosphorylchofine with morpholine in the presence of dicyclohexylcarbo-diimmide in 
hydroalcohoUc solvent 

In particular compounds of formula I and II can be prepared as follows: 
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TO 
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50 



a) compounds of formula I wherein n = 0. The compound (IV) is reacted with diphenylphosphoryl 
chloride (VI) in presence of pyridine according to the scheme: 
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The compound (VII) is then reacted with Ba (OHfe in hydroalcoholic solvent by heating. Thereafter a CO2 
stream is fed into the solution until it becomes neutral to phenolplethaleine. From the solution obtained by 
25 filtering the reaction mixture, which contains the Ba salt of the phosphatidyl isopropyfene glycerol, ft is 
obtained, through addition of sulphuric acid, the compound: 



C H — 0 C H 

2 N/ 3 
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The compound (Vll.a) is hydrofysed with HCI to the a-gfycerophosphate (III) 
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If the 1 ,2-di-acetyl-denVatrve is desired, the compound (III) is subjected directly to acetylation with (CH 3 
COh O whereas if monoacetyl derivative is required, the group -CH2OH is previously converted in the 
group - Ob 0-C(Cg Hsb through the reaction with (Ce Hsh C CI in presence of pyridine. 
55 After acetylation the group • CH2 OH is restored by reacting the group - CH 2 O - CfCc Hsh with H Br. 

The choline esters of the mono- or di-acetyl derivatives of the acid (III) are obtained by reacting the same 
derivatives with the compounds X CH 2 CH2 N (CH 3 )a . X*" (X is chorine or bromine), in presence of 
sodium afcohdate in polar solvent (alcohols, dioxane, acetonitrile): 
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20 b) Compouns of formula I wherein n = 1. 

The giycerophosphoric acid (HI) or its mono- or di-acetyl derivatives (W.a), are reacted with choline 
phosphoromorpholidate (V) as already mentioned: 



CH -OH 

25 ch-oh' 



.0 



C H 



2-0-1 



- P - 0 C H C H R fc H \ / \ 

L 2 2 \ 3/ 3 > 0 *| 



30 



O H 



OH \ / L 2 2 V 3j3_»0 \| H + 

\ / 



C H OR 

I 2 

CH OH 1 

1 / 8 */ \ 

CH 2 O-f-O-P-0 CH 2 CH 2 M V CH 3/: 
0 H 0- 



40 



c) Compounds of formula II wherein n = 0. 
Both the groups -ChfeO OH in the glycerol are converted in group - Chfe O - CfCe Hsh. through the reaction 
with (Cg Hs) C a in presence of pyridine. Then the oxydrile in position 2 Is converted into the acetyl group 
by reacting whh (CH 3 COfe O. After acetylation theoxydriles in position 1 and 3 are restored by reaction 
45 with H Br. Finally the introduction of phosporic acid groups at both position 1 and 3 occurs by reacting with 
diphenytphosphoryl chloride as shown In Item a). The conversion of the phosphoric groups of the 
compound: 
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into choline ester groups occurs as described for the monoester derivative in item a). 

d) Compounds of formula II wherein n = 1. 
The conversion of the 2-acetyt 1.3 bis (phosphoryi)-giyceroI (VIII) into the diphosphoric diester of choline is 
carried out by reacting both phosphoric groups with the choline phosphoromorpholidate (V) in the same 
s working conditions shown in item b). 

The following examples are merely illustrative of the specific preparations of the compounds according 
to the invention. 
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A - Compounds of formula I wherein n ■ 0 



EXAMPLE 1 

75 

Diphenyi phosphoryi isopropyRdene glycerol (VII). 

150 ml erf anhydrous pyridine, 2&8 g of pure diphenylphosphoryl chloride (VI) and 13216 g of 1.2- 
20 isopropylideneglycerol (IV) are fed into a 500 ml moisture-tight flask fitted with a stirrer. 

The mixture is stirred for two days at ambient temperature. After this time, 150 ml of water are added 
while stirring. The mixture is transferred into a rotary flask and evaporated to dryness under vacuum (bath 
temperature 45-50* C). 

25 

EXAMPLE 2 



Phosphoryi isopropyKdene glycerol (VIU). 

30 

The residue obtained from vacuum evaporation containing diphenylphosphoryl isopropylidene glycerol 
and pyridine chioridine. is dissolved in 100 ml of alcohol. 350 ml of water and 140 g of barium hydroxide 
(octahydrate) are added to the solution. The mixture is heated under stirring for 65 minutes (from the 
commencement of boiling). 

35 After this time, a strong carbon dioxide stream is fed into the solution until it becomes neutral to 
phenolphthalene. 

The mixture is filtered through a filter prepared with a light bed of cficalrte. The filter is washed with 
three 50 ml portions of water. 

The aqueous solution is transferred into a rotary flask and about 150 ml of solution are removed under 
40 vacuum. 

The residual solution is cooled and extracted with 200 ml of ether to remove the phenol. 
The aqueous solution Is dried under vacuum (bath temperature 45-50* C). 

The residue is taken up in 150 ml of water, the solution obtained is diluted with an equal volume of 99% 
ethyl alcohol and the mixture allowed to stand for 1 hour. The voluminous precipitate containing Impurities 
46 is Altered off and washed with small portions of 50% alkaline solution. 

The mother liquors are pooled and 600 ml of 99% alcohol are slowly added. 

The barium salt of phosphatidyl isopropytene glycerol precipitates, is filtered off and washed with 99% 
ethanol and then with ether. 

About 20-21 g of product are obtained and dissolved in 150 ml of water under stirring, and while 
so maintaining the temperature at about 10* C a 10% sulphuric acid solution is added in stoichiometric 
quantity relative to the barium present 

The mixture is allowed to stand for two hours and then tittered. The filtrate is dried in a rotary flask 
under vacuum (bath temperature 45-50* C). The residue of about 13 g consists of phosphoryi 
isopropylidene glycerol, te structure of which is confirmed by spectral analysis. 
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Elementary 
analysis: 


C 


H 


P 


-calculated 
-found 


34% 
33.9% 


6.1% 
6% 


14.62% 
14.7% 


M.W. 212 
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EXAMPLE 3 



o-glycerophosphate (III) 

21.3 g of phosphoryl isopnopylidene glycerol are dissolved In 150 ml of 0.1 N hydrochloric acid and the 
mixture left for 6 hours at ambient temperature. The hydrochloric add is neutralised with 15 ml of 1 N 
sodium hydroxide. The solution is dried under vacuum in a rotary flask (bath temperature 45-50* C). 

The residue is treated with 200 ml of absolute alcohol and the mixture stirred for two hours at 40-45* C. 
20 It is then cooled to 10* C and filtered. The filtrate is evaporated to dryness and washed with acetone. 

About 17g of o-glycerophosphate are obtained. 
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Elementary 
analysis: 
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P 


-calculated 
-found 


20.94% 
21.0% 


5.27% 
5.20% 


18.00% 
17.9 


M.W. 172.08 



EXAMPLE 4 



1 2. Di-0-acetyf-glycen>^-phosphate 

11.52 g of glycerophosphate are dissolved in 50 g of anhydrous pyridine in a flask fitted with a stirrer, 
and the mixture heated moderately until completely dissolved. It is cooled to ambient temperature and 15 
40 ml of acetic anhydride added. The mixture is left to stand for 12 hours after which the solution is poured 
into 200 g of crushed ice and the mixture stirred until the ice has dissolved. The precipitate which forms is 
filtered off, washed with acetone and dried in an oven. About 14 g of product are obtained. 

Spectral anlyses confirm the structure. 
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Elementary 
analysts: 
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-calculated 
-found 


3232% 
32.85% 


5.114% 
5.2% 


12.10% 
12.0% 


M.W. 256.14 



55 EXAMPLE 5 



(12-OK>acety»-glycero-3-phosphoryO choOne 
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25.61 g of 1,2-dh-O-acetyl gtycerol-3-phosphate are transferred into a 500 ml flask. 91.2 mi of a 20% 
solution of tetramethyl-ammonium hydroxide in methanol are added. 

The mixture is stirred until dissolved and the solution evaporated to dryness by distilling the solvent off 
under vacuum. 300 ml of acetonitrile or dioxane are added to the residue followed by 25 g of (2- 
5 bromoethyl)trimethylammonium bromide, and the mixture headed under reflux for 5 hours [24 hours if an 
equivalent quantity of (2-chloroethyl)trimethylammonium chloride is used]. 

After this time, the solvent is removed under vacuum. The residue is taken up in chloroform, the 
chloroform decanted and the residue after drying in an oven at 60*C is dissolved in 200 ml of absolute 
ethyl alcohol, sodium methylate is added in a quantity stoichiometric with respect to the contained bromine 
io (or chlorine) ion, the solution is filtered and evaporated to dryness. About 30 g of product are obtained. 

Spectral analyses confirm the structure. 
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Elementary 
analysis: 
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P 


-calculated 
-found 


42.2% 
43.8% 


7.07% 
7.1% 


4.104% 
4.1% 


9.074% 
9.0%. 


M.W. 341.29 



EXAMPLE 6 

25 

(Isopropylidene glycero-phosphoryi) choline 

Using the procedure of Example 5, (isopropylidene glycerol phosphoryl) choline is obtained starting 
from phosphoryl isopropylidene glycerol instead of 1 ^Kli-0-acety^lycero4-3^hosphate. 

30 

EXAMPLE 7 



as (1 j2-Oeac8tyiglycero-^i)tosphoryl) choline chloride 

0.1 moles of (isopropylidene glycerol phosphoryl) choline are dissolved in a 250 ml of 02 N 
hydrochloric acid, the mixture is left for 6 hours at ambient temperature, the hydrochloric arid neutralised 
with 50 ml of 1 N sodium hydroxide and the solution evaporated to dryness under vacuum in a rotary flask 
40 (bath temperature 45-50* C). 

The residue is dissolved in 200 ml of anhydrous ethanol at moderate temperature and the solution 
cooled and filtered. 

The filtrate is evaporated to dryness under vacuum. 

The residue is dissolved in 50 g of pyridine by heating the solution moderately, after which the solution 
4$ is cooled to ambient temperature and 15 ml of acetic anhydride are added. 

The solution is allowed to stand for 12 hours and is then poured into 200 g of crushed ice, the mixture 
stirred and then evaporated to an oily layer under vacuum (bath temperature 45-50* C). 

The residue is taken up in 100 ml of a 1 N solution of HCt in absolute ethanol. the mixture heated until 
dissolved, the solution cooled to -5* C and left to crystallise, 
so The crystals obtained are filtered off, washed with acetone and dried. About 33 g of (1,2-dJ-Oacetyh 
glycero-3-phosphoryl) choline chloride are obtained. 



EXAMPLES 



1 -triphenyf methyl-2-acety ^lycero-3-phosphate 
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11.52 g of crglycerotphospbate and 19.32 g of trlph8nytmethy!chloride are mixed with 50 ml of 
anhydrous pyridine in a flask fitted with a stirrer, and the mixture heated until completely dissolved. 

It is cooled to ambient temperature and 7.5 ml acetic anhydride added. The mixture is left to stand for 
12 hours after which the solution is poured into 200 g of crushed ice, the precipitate which forms being 
s filtered off and dried. 

It is meshed in 200 ml of wether. The insoluble paste is filtered off and dissolved in 200 ml of 95% 
ethanol. the solution is decolorised with carbon, cooled and allowed to crystallise. 
About 12 g of product are obtained. 



10 
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Elementary 
analysis: 


C 


H 


P 


- calculated 
-found 


63.15% 
63.0% 


5.5% 
5.6% 


6.8% 
6.6% 


M.W.456 



20 EXAMPLE 9 



2~ac6tyt-glycerD B 3-phosphate 

25 A solution of 46 g of 1 ^phetiy Imethy h2-acetyl-glyc»ra^-phosfate is dissolved under hot conditions in 
200 ml of acetic acid. The solution is cooled to about 10* C and 18 ml of a solution of dry hydrobromic acid 
in acetic acid are added and the mixture is stirred for about 45 seconds. 

The triphenylmethylbromide which forms during the reaction is separated by filtration and the filtrate 
transferred immediately into 500 ml of cold water. The solution obtained is extracted repeatedly with ether. 
30 The aqueous phase separates and is evaporated to dryness under vacuum. 

The residue is taken up in 100 ml of 95% ethanol and heated until dissolved, the solution filtered and 
cooled to 10* C, and then left standing to obtain about 20 g of product 
Spectral analyses confirm the structure. 



35 
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Elementary 
analysis: 


C 


H 


P 


-calculated 
-found 


28% 
28.1% 


5.14% 
5.0% 


14.5% 
14.4% 


M.W. 214 



45 EXAMPLE 10 

(2-Oacetyhglycero-3^hosphoryi) choline 

so 21.4 g of 2-0-acetyl-glycero-3-phosphate are made to react 500 ml flask in the same working conditions 
and with the same amounts of reactant as in example 5. 
About 27 g of product are obtained. 
Spectral analyses confirm the structure. 

55 
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Elementary 
analysis: 


C 


H 


N 


P 


- calculated 
-found 


40.134% 
40.2% 


7.486% 
7.5% 


4.68% 
4.65% 


10348% 
10.28% 


M.W. 299.26 
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B - Compounds of formula I wherein n 3 1 



EXAMPLE 11 



2-O-acetyl glycero-3-diphosphoryi choline 



20 A) Choline phosphoromorphofidate 

A solution of 20.6 g of dicydohexylcarbo-diimide (DCC) in 375 ml of tert butyl alcohol is added 
dropwise to a reflux-heated and agitated solution of 18 g phosphorylcholine in a mixture of 250 ml water. 
250 ml tert, butyl alcohol and 8.71 ml of purified morphoiine. 
25 The addition is completed in 3-4 hours and the mixture is further heated under reflux until eleo 
trophoretlc analysts shows a spot of different type than phosphorylcholine. 

If starting material remains, 103 g of DCC and 4.4 ml of morphoiine are added to the solution and 
heating is continued under reflux until a single spot remains. 

The mixture is then cooled to ambient temperature and the crystalline material is removed by filtration 
30 and washed with tert butyl alcohol. 

The filtrate is evaporated under vacuum until the tert butyl alcohol is eliminated, the remaining aqueous 
phase being then extracted three times with ether (filtration is necessary after the first extraction). 

The solution is then evaporated to dryness under vacuum. The residue is dissolved in 120 ml of methyl 
alcohol, the solution possibly filtered and its volume reduced under vacuum to about 90 ml. 
35 1000 ml of ether are slowty added to the methanol solution under agitation. The precipitate which forms 
is ground and oven-dried under vacuum. 



B) 2-Q-a<»tyl^lycero-3KiiprK)sphoryl choline 

40 

21.4 g of 2-0-Acetyl-g»ycen>^-phosphate prepared as in example 9, are transferred into a 500 ml flask. 

91 .2 ml of a 20% solution of tBtramethylammonium hydroxide in methanol are added. 

The mixture is agitated until dissolved and the solution evaporated to dryness under vacuum. 

The choline phosphoromorpholldate prepared as in A) is added to the residue. The mixture is dissolved 
45 in distilled o-chtorophenol (1000 ml), 1000 ml of anhydrous pyridine are added to the obtained solution and 
the mixture left in a dark environment for 4 days. 

The pyridine Is eliminated under vacuum, 1000 ml of water are added and the o-chlorophenot 
eliminated with chloroform. 

Ammonia is added to the aqueous solution to pH 9.5 and the solution directly transferred to a column (5 
so x 150 cm) of Dowex 1x4 (formate) (200-400 mesh). 

The column is washed with water to remove the phosphorylcholine and is then eluted with a 0.01 M 
formic acid solution. The CK2-acetyl-glyc8ro-3-diphosphoryl) choline which is coevaporated with ethanol to 
dryness. 

About 15 g of product are obtained. 
55 Spectral analyses confirm the structure. 
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Elementary 
analysis: 


C 


H 


N 


P 


- calculated 
-found 


31.66% 
31.5% 


6.06% 
6.0% 


3.7% 
3.75% 


16.36% 
16.4% 


M.W.379 
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EXAMPLE 12 



choline o-glyceryl disphosphate 

75 

17.208 g of glycerophosphoric acid are transferred into a 500 ml flask, 91.2 ml of a 20% solution of 
tetramethylammonium hydroxide in methanol are added. 

The mixture Is agitated until dissolved and the solution evaporated to dryness under vacuum. The 
choline phc^phoromorpholidate prepared as in example 11 is added to the residue. The mixture is 
20 dissolved in distilled c-chloro-phenol (1000 ml), 1000 ml of anhydrous pyridine are added to the obtained 
solution and the mixture left in a dark environment for 4 days. The pyridine is eliminated and vacuum, 1000 
ml of water are added and the oxhlorophenol eliminated with chloroform. The solution is adjusted to pH 9.5 
with ammonia and directly transferred to a column (5 x 150 cm) of Dowex 1x4 (formate) (200-400 mesh). 

The column is washed with water to remove the phosphorylcholine and is then eluted with a 0.01 M 
25 formic acid solution. Choline o-glyceryl diphosphate separates. 

The separation of the choline o-glyceryl diphosphate is followed by thin layer chromatography. The 
solution containing choline o-glyceryl disphosphate is coevaporatede with ethanol to dryness. 

The product is crystallised from ethanot-acetone. 15 g of product are obtained. 

Spectral analyses confirm the structure. 

30 



Elementary 
analysis: 


C 


H 


N 


P 


- calculated % 

- found % 


28.5 
28.48 


8.23 
03 


4.15 
4.18 


1&4 
1825 


M.W.337 
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EXAMPLE 13 



1 ,2-Dt-O-acety l-glycerth3Kdiphosphoryl)choline 

45 

25.61 g of 1.2-di-O-acetyl glycerophosphate are transferred into a 500 ml flask. 91.2 ml of a 20% 
solution of tetramethylammonium hydroxide In methanol are added. 

The mixture is stirred until dissolved and the solution evaporated to dryness by distilling the solvent off 
under vacuum. The choline phosphoromorpholidate prepared as in example 11 A in the same amount Is 
so added to the residue. The mixture is dissolved in distilled oxhlorophenol (1000 ml). 1000 ml of anhydrous 
pyridine are added to the obtained solution and the mixture left in a dark environment for 4 days. The 
pyridine is eliminated under vacuum, 1000 ml of water are added and the Ochlorophenol eliminated with 
chotorform. Ammonia is added to the aqueous solution to pH 9.5 and the solution directly transferred to a 
column (5 x 150 cm) of Dowex 1 x 4 (formate) (200-400 mesh). 
55 The column is washed with water to remove the phosphorylcholine and is then eluted with a 0.01 M 
formic acid solution to separate the 0-(1^-dK>-acetyl^lycero-3-diphosphoryl) choline. (The separation is 
followed by means of tWrHayer chromatography). 

The solution containing 1 ^-dKVacetyl-glycero-3-(diphosphoryl) choline is coevaporated with ethanol to 
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dryness. About 17 g of product are obtained. 
Spectral analyses confirm the structure. 



s 



Elementary 
analysis: 


C 


H 


N 


P 


-calculated 
- found 


34.2% 
34.3% 


5.93% 
5.9% 


3.32% 
3.2% 


14.72% 
14.8% 


M.W. 421 



EXAMPLE 14 



2-monoacetyl glycerol 

921 g of glycerol and 56 g of triphenylmethytchtoride are mixed with 100 ml of anhydrous pyridine in a 
20 flask fitted with a stirrer, and heated until completely dissolved. 

The solution Is cooled to ambient temperature and 7.5 ml of acetic anhydride are added. 
The mixture is allowed to stand for 12 hours and the solution then poured into 300 g of crushed ice, 
agitated until the Ice has completely melted, the precipitate acidified with hydrochloric acid and extracted 
with three 150 ml portions of chloroform. 
25 The chloroform extracts are washed with an aqueous acid solution, dried with anhydrous sodium 
sulphate and evaporated to dryness. 

The residue is dissolved in 200 ml of acetic acid under hot conditions. 

The solution is cooled to about 10* C, 36 ml of a solution of dry hydrobromic acid in acetic acid added 
and the mixture agitated for about 45 seconds. 
30 The triphem/tmethylbromkle which forms during the reaction Is separated by filtration, the filtrate 
concentrated, transferred into 500 ml of 20% sodium chloride solution and the aqueous phase extracted 
repeatedly with ethyl acetate. 

The organic phase is separated, dried with anhydrous magnesium sulphate and evaporated to dryness 
under vacuum. 
35 About 20 g of product are obtained. 

Spectral mriyses confirm the structure 



40 



Elementary 
analysts: 


C 


H 


- calculate % 
-found % 


44.769 
44.8 


7.515 
7.52 


M.W. 134.13 



EXAMPLE 15 



2-acetyl gtycero-1 ^diphosphate 

300 ml of anhydrous pyridine, 57.6 g of diphenylphosphoryl chloride and 13.42 g of 2-acetyl- glycerol 
are transferred into a 1000 flask fitted with a stirrer and protected from moisture. The mixture is agitated for 
55 two days at ambient temperature. 

After this time, 200 ml of water are added under agitation, the mixture transferred into a rotary flask and 
evaporated to dryness under vacuum (bath temperature 45-50* C). 

The residue obtained is dissolved in 250 ml of alcohol, 400 ml of water and 280 g of barium hydroxide 
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(octahydrate) are added to the solution, and the mixture heated under agitation for 65 minutes (from 
commencement of boiling). 

When this time has elapsed, an energetic stream of carbon dioxide is fed into the solution until it 
becomes neutral to phenolphthalene. 
5 The mixture is filtered through a filter prepared with a light bed of dlcalite, and the filter washed with 3 x 
50 ml portions of water. 

10% sulphuric acid is slowly added to the aqueous solution until no further precipitator) is observed. 
The mixture Is filtered and the filtrate evaporated to dryness under vacuum In a rotary flask (bath 
temperature 45-50* C). 

10 The residue is dissolved in 300 ml of 15% ethyl alcohol, filtered, and the filter washed with two 50 ml 
portions of 95% ethyl alcohol. 

500 ml of acetone are added slowly to the alcoholic solution, the precipitate is filtered off and dried in a 
oven at 40* C under vacuum. 

Spectral analyses confirm the structure. 



Elementary 
analysis 


C 


H 


P 


- calculated % 

- found % 


19.12 
19 


4.8 
4.8 


12.35 
1225 


M.W.251 



EXAMPLE 16 



2-O-acetyM .3-di(phosphory»chofine)-gtycerol. 

30 

25.1 g of 2-O-acetyM ,3-diphosphoryl-glycerol are transferred into a 1000 ml flask and 182.4 ml of a 
20% solution of tetramethylammonium hydroxide in methanol are added. 

The mixture is agitated until a solution forms, which is then evaporated to dryness by boiling off the 
methanol under vacuum. 500 ml of acetonilrile or cOoxane or tetrahytirufuran are added to the residue 
as followed by 55 g of C^brenoethyf)UimethylanttntMi h jm bromide, and the mixture heated under energetic 
agitation for 5 hours, or 24 hours if an equivalent quantity of (2-bromoethyl) trimethytemmormim chloride Is 
used. 

After this time, the solvent is removed under vacuum. 

The residue is taken up inh chloroform, agitated and the solvent decanted. The residue is dissolved in 
40 300 ml of absolute ethyl alcohol, and a sodium ethylate solution is added in a quantity which is 
stoichiometric with respect to the bromine (or chlorine) ion contained The obtained sodium bromine (or 
chloride) is filtered off and 500 ml of ethyl ether are added. The precipitate is filtered off and dried in an 
oven at 40* C under vacuum. 

Spectral analyses confirm the structure. 
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Elementary 
analysis 


C 


H 


N 


P 


- calculated % 

- found % 


38.8 
38.9 


7.32 
72 


6.01 
5.95 


13.36 
13.4 


M.W.464 



EXAMPLE 17 
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2-OAcetyM ,3-Ws(cflsphosphorylchonne)-glyc8rol 

24.41 g of 2-0-Acetyhglyc8ro-1 ,3-diphosphate are transferred into a 1000 ml flask and 182.4 ml of a 
20% solution of tetramethytammonium hydroxide in methanol are added, 
s The mixture is agitated until a solution forms, which is then evaporated to dryness by boiling off the 
solvent under vacuum. 

The choline phosphoromorpholidate prepared as in example 11 .A but in double amount is added to the 
residue. The mixture is dissolved in distilled Ochloro-phenol (1000 mi), 1000 ml of anhydrous pyridine are 
added to the obtained solution and the mixture left in a dark environment for 4 days. 
- io The pyridine is eliminated under vacuum, 1000 mi of water are added and the Ochlorophenol 
eliminated with chloroform. 

Ammonia is added to the aqueous solution until pH 9.5 is reached and the solution directly transferred 
to a column (5 x 150 cm) of Dowex 1 x 4 (formate) (200-400 mesh). 

The column is washed with water to remove the phosphorytchoHne and is then eluted with a 0,01 M 
75 formic acid solution to separate the 2-OAcetyM ,34)rs(diphosphoryH^oilne)-glycerol (the separation is 
followed by means of thin layer chromatography). 

The solution containing 2-O-Acety M ,3-b»s(dipho^phory hchoiine)-glycerol is evaporated with ethand to 
dryness. 

About 15 g product are obtained. 
20 Spectral analyses confirm the structure. 
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Elementary 
analysis: 


C 


H 


N 


P 


- calculated 
-found 


28*85% 
2283% 


5.81% 
5.83% 


4.488% 
4.5% 


19.84% 
19.75% 


M.W. 624.35 



30 1362 



Claims 

35 1) Esters and diesters of choline with glycerophosphoric acids represented by the following general 
formulas: 
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C H 2 O R 



(I) 



C H 0 R 



CH 2 0 




- P - 0 C H C 
I 2 

o- 



h 2 i (c h y 



10 



15 



20 



C H 2 0 



(II) 



-S-0 -S-0CH 2 C..H 2 N (C 113)3 
. °» in °~ 



CHOCOCH 



H 2°- ( -f -°) "J - 0CH 2 CH 2 i (CI^ : 



oh; o - 

n 



wherein R and R 1 are H or acetyl, n is 1 or zero, with the proviso that when n = 0, at least one of R and R 1 
is acetyl. 

2) Compounds of formula I according to daim 1 wherein n = 1 

3) Compounds of formula II acconfing to claim 1 wherein n = 0 

4) Compounds of formula B a cco rdin g to claim 1 wherein n = 1 

5) Compounds of formulas (1) and (II) according to claim 1, wherein the quaternary amonium group is 
saHfled with an external anion. 

6) Pharmaceutical composition characterized in that it contains as its active principle a therapeutically 
effective amount of one or more compounds of claim 1 or 5, their pharmaceutical ty acceptable salts, 
optionally combined with carriers, diluents, solvents, ecclpients. 

7) Use of compounds according to claim 1 or 5 for preparing pharmaceutical composition suitable for 
oral or intravenous or intramuscular route, useful in the therapy of dlslipidemla and hyperlipoproteinemia. 

8) Use compounds according claim 1 or 5 for preparing pharmaceutical composition suitable for oral or 
intravenous or intramuscular or topic route, useful as antiinflammatory medicament 
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